The sensory innervation of the distal colorectum includes mechanically-insensitive 25 afferents (MIAs, ~25%) which acquire mechanosensitivity in persistent visceral 26 hypersensitivity and thus generate de novo input to the central nervous system. We 27 utilized an optogenetic approach to bypass the process of transduction (generator 28 potential) and focus on transformation (spike initiation) at colorectal MIA sensory 29 terminals, which is otherwise not possible in typical functional studies. 
INTRODUCTION 54
Sensory afferents innervating the viscera have drawn significant research 55 interest as clinical and pre-clinical evidence indicates that persistent afferent drive 56 (e.g., afferent sensitization) contributes to long-lasting organ hypersensitivity, 57 discomfort and pain, hallmark complaints of patients with visceral pain disorders such 58 as irritable bowel syndrome (IBS) (29, 39, 40) and bladder pain syndrome (27) for 59 which a pathobiology is not apparent. Using an ex vivo colorectum-nerve preparation 60 together with different animal models of persistent colorectal hypersensitivity, we and 61 others have documented long-term sensitization of mechanosensitive colorectal 62 afferents that contribute to prolonged colorectal hypersensitivity (1, 13, 14) . 63 In addition, the colorectum is also innervated by a population of "silent" or 64 and 1g force), mucosal stroking with calibrated nylon filaments (10 mg force) and 146 circumferential stretch (0-170mN @ 5mN/sec, Aurora Scientific, Ontario, Canada). 147
Optical stimulation of colorectal afferents 148
Optical stimulation was applied using a 473 nm Laser (Laserglow 149 Technologies, Toronto, Canada) focused to a point approximately 1 mm in diameter 150 on the colorectal mucosal surface, an area comparable to a typical afferent RF. 151 Stepped light stimulation (10sec, constant intensity) was applied to the RF, followed 152 by 5 trains of 20 light pulses (20 msec wide) in ascending frequency (1, 2, 3, 5 and 10 153 Hz). Light intensity was 6 mW/mm 2 , well in the saturation range for afferent 154 activation(41). Spike2 software was used to control the timing of the optical stimuli 155 (Cambridge Electronic Design, Cambridge, UK). 156
Chemical stimulation of MIAs 157
MIAs that responded to optical stimulation were tested by sequential exposure 158 of their afferent endings to an acidic hypertonic solution (AHS) and an inflammatory 159 soup (IS), each of which has been used previously on colorectal afferent endings (7, 8, 160 12, 20, 21). Brass tubing of 1 cm high X 4 mm square which has been shown to be 161 chemically inert to AHS, IS, and Bile Salts was placed over the receptive ending on the 162 mucosal surface, the Krebs solution removed, and 150 μL of AHS solution applied 163 directly to the receptive ending for 5 min. Subsequently, the solution and the tubing 164 were removed and responses monitored for up to 30 min. The endings were then 165 tested with IS using the same protocol followed by tests of responses to mechanical 166 probing (1g) and stepped optical stimulation. 
RESULTS

192
Optogenetic activation of colorectal afferents 193 As shown in Fig. 1, colorectal 
Responses of MSAs and MIAs to optical stimuli 222
As shown in our previous findings in naïve C57BL/6 mice, MIAs in the present study were found to 226 have a significantly higher threshold for activation by electrical stimulation than MSAs 227 (Fig. 3B , t-test, p = 0.004). As displayed in Fig. 3C , 57% of MIAs responded to a 228 stepped laser stimulus with a single spike (single-spiking; e.g., upper trace in Fig. 3A) , 229 a proportion significantly greater than of MSAs (14%, Fisher's exact, p = 0.015). The 230 majority of MSAs (86%) were tonic-spiking, responding to a stepped laser stimulus 231 with multiple spikes (e.g., lower trace in Fig. 3A 
Responses of MIAs to chemical stimuli 245
Differential responses to stepped laser stimuli provided direct evidence for 246 heterogeneity within the MIA population. We hypothesized that tonic-spiking MIAs are 247 regular sensors of another stimulus modality, capable of informing the CNS about the 248 quality of that modality, whereas single-spiking MIAs are putative nociceptors that 249 require sensitization to spike tonically. We thus exposed individual MIA RFs to AHS (an 250 osmotic stimulus; 5 min application) and, after a 30 min washout, IS (an 251 inflammatory/sensitizing stimulus; 5 min application), followed by punctate probing (1 g 
ChR2
+/-mice were tested in this 254 manner. Figure 5A illustrates characteristic responses of single-and tonic-spiking 255
MIAs and panels B and C summarize the results. Single-spiking MIAs (5/6) were 256 activated by IS, but not AHS whereas 5/5 tonic-spiking MIAs responded to AHS, two of 257 which also responded to IS (Fig. 5C) Responses to chemical stimuli were tested in a larger population of MIAs from 264 C57BL/6 control mice. As illustrated by the typical example in Fig. 6A , MIA endings 265 were exposed to either AHS, IS or a solution of bile salts (BS) for 5 min to assess direct 266 activation; activation latency (time to response) and duration of response were 267
quantified for comparison between chemical applications. Similar to findings from 268
Cre +/-ChR2 +/-mice, about half the MIAs tested (56%, 9/16) were activated directly by 269 AHS, and 7 of the 16 MIAs tested (44%) acquired mechanosensitivity (Fig. 6B) . About 270
one-third of MIAs tested (37%, 15/41) were directly activated by IS and 68% acquired 271 mechanosensitivity. Bile salts activated a comparatively smaller proportion of MIAs 272 (22%, 2/9), but most MIAs acquired mechanosensitivity afterwards (67%, 6/9). Bile 273 salts had the longest activation latency among the three chemical stimuli (Fig. 6C, F 2,23  274 = 3.7, p = 0.04, post-hoc comparison, p = 0.037 vs. AHS) and activation by AHS had 275 the longest duration (Fig. 6D, F 2 surrounding, non-neural tissues, and 4) inability to tease apart chemically-induced 294 transduction (e.g., ligand binding) from transformation (modulation of spike initiation). 295 Accordingly, we used in the present study optogenetic activation of afferent endings 296 that contained channelrhodopsin2 (ChR2). We previously characterized the onset and 297 termination of blue light activation of ChR2 in dorsal root ganglion (DRG) neurons and 298 documented that the gating of ChR2 itself was not significantly affected by 299 inflammatory mediators(41). By providing a temporarily and spatially controlled 300 depolarizing photo-activated current at the terminal ending, the present study The functional role of colorectal MIAs in pain and hypersensitivity were studied 387 previously in the context of long-term models of visceral hypersensitivity induced by 388 intracolonic instillation of TNBS (14) or zymosan (13). In both studies, the proportionsof MIAs in mice that developed prolonged behavioral colorectal hypersensitivity were 
